Aortocaval fistula (ACF) occurs in ＜1% of all abdominal aortic aneurysms (AAAs), and in 3% to 7% of all ruptured AAAs. The triad of clinical findings of AAA with ACF are abdominal pain, abdominal machinery bruit, and a pulsating abdominal mass. Other findings include pelvic venous hypertension (hematuria, oliguria, scrotal edema), lower-limb edema with or without arterial insufficiency or venous thrombus, shock, congestive heart failure, and cardiac arrest. Surgery is the main treatment modality. We report successful surgical treatment in a patient with a ruptured AAA with ACF who presented with cardiogenic shock.
Case report
A 50-year-old man without any underlying disease was transferred to Haeundae Paik Hospital for abdominal pain and palpitations. His vital signs were unremarkable except for tachycardia, with a heart rate of around 120 bpm. A huge pulsating abdominal mass was present on physical examination. Laboratory tests were within the normal range, except for elevated cardiac enzymes and renal function test findings (creatine kinase-MB, 4.9 ng/mL; troponin I, 0.30 ng/mL; serum creatinine, 1.61 mg/dL). An electrocardiogram showed sinus tachycardia without ST-segment changes. Contrast-enhanced abdominal computed tomography (CT) revealed an infrarenal abdominal aortic aneurysm (AAA) measuring 9×8 cm with a posterior wall defect, as well as communication between the aorta and the inferior vena cava (IVC) just above the iliac bifurcation (Fig. 1) . Moreover, early enhancement of the IVC and hepatic vein was found, suggesting an aortocaval fistula (ACF). Abdominal pain and palpitation continued throughout the examinations. Sudden changes in the color of the lower extremities and cardiac arrest occurred after the radiologic tests. Immediate cardiopulmonary resuscitation was performed and the patient recovered after 5 minutes. Without further evaluation, an emergency operation was performed.
The central venous pressure after general anesthesia was 23 mm Hg. After median laparotomy, there was no hematoma in the retroperitoneal space, but there was a hematoma around the aorta, which was interpreted as a sign of rupture. The abdominal aorta, IVC, and both common iliac arteries and veins were exposed and clamped. A vertical incision was then made in the abdominal aorta. The organized thrombus was gently removed and the collateral artery was obliterated. The entrance of the fistula between the posterior wall of the aorta and the IVC was revealed (Fig. 2) . The fistula was 4-5 cm long, and there was no dissection of the IVC and no thrombus in the fistula. When declamping of the IVC was performed, massive venous bleeding was observed from the fistula, as expected. The fistula was directly closed within the aortic lumen by a 4-0 polypropylene continuous running suture. The abdominal aorta was replaced with a prosthetic bifurcated graft (Intergard, 16×8×50 mm; Maquet Cardiovascular, Wayne, NJ, USA). The patient's postoperative course was uneventful, and hepatic function and renal function recovered immediately after surgery. He was discharged on postoperative day 10 without complications.
IRB was exempted. Written informed consents were obtained.
Discussion
ACF is spontaneous in 80% of cases, and it occurs in ＜1% of all AAAs and 3% to 7% of all ruptured AAAs [1, 2] . ACF was first reported by Syme in 1831, and the first successful repair was performed by DeBakey and his colleagues in 1954 [3] . The hemodynamics of ACF are derived from the diversion of blood flow from the high-resistance arterial circulation to the low-resistance venous circulation through the fistula. It causes a decrease in total peripheral resistance and an increase in venous pressure and preload, which results in an increase in heart rate, stroke volume, and cardiac output. If this situation continues, heart failure can occur. Shock or cardiac arrest can occur, as in our case, if this process occurs suddenly because of rupture without compensation. Furthermore, elevated renal venous pressure causes a reduction in renal arterial perfusion pressure and activation of the renin-angiotensin-aldosterone system. This results in intravascular volume expansion and exacerbates congestive heart failure [3] . It has been reported that 35% of patients with ACF developed congestive heart failure [2] . Unstable hemodynamics, such as shock and cardiac arrest, may be observed in decompensated patients with a large amount of shunt through the fistula. Furthermore, rupture of the AAA can accelerate the decompensation, as in our case. Lower-extremity and pelvic venous hypertension are also consequences of ACF [3] .
These hemodynamic changes cause various clinical symptoms and signs. The triad of clinical findings of AAA with ACF are abdominal or lower back pain, abdominal machinery bruit, and a pulsating abdominal mass. Other findings include pelvic venous hypertension (hematuria, oliguria, scrotal edema), lower-extremity edema with or without arterial insufficiency or venous thrombus, shock, and congestive heart failure [1] [2] [3] [4] [5] [6] . In a previous study, symptoms were found in most patients, but only 17% of the patients had all components of the classic triad of clinical findings. [4] . In addition, about half of the patients had no classical symptoms [2] . Elevated central venous pressure is also observed, but it sometimes may be within the normal range or even low [3] .
A precise preoperative diagnosis can be possible if the classic findings are observed, but if these findings are absent or the situation is urgent, the diagnosis may be ambiguous. Contrast-enhanced CT is the gold standard for the diagnosis of AAA [1] . It allows the visualization of several distinctive features of AAA with an ACF. A large aneurysm more than 8 cm, pelvic venous dilatation, and an early enhancement of the IVC or hepatic vein in the arterial phase of contrast-enhanced CT are observed in most AAA patients with an ACF [5] . In addition, wall defects between the aorta and the venous system can be revealed. Other imaging modalities include duplex ultrasonography, angiography, and magnetic resonance angiography [1, 3] .
In this case, abdominal auscultation was omitted and abdominal bruit was not confirmed, but the other members of the triad of classical clinical findings were observed. In addition, tachycardia, renal and − 409 − hepatic insufficiency, elevated central venous pressure, color change and edema in the lower extremities, and shock were consistent with ACF. Fortunately, in this patient, an accurate diagnosis was possible with abdominal CT, enabling a precise surgical plan to be established.
Most AAA patients with ACF require immediate surgical treatment. The most important aspect of ACF repair is proper control of venous bleeding from the fistula [3] . In order to accomplish this objective, direct manual compression of the areas proximal and distal to the IVC or the insertion of a ballooning catheter into the IVC can be performed [1, 3, 4] . Surgical methods to close the caval defect include direct suture closure within the aortic lumen or patch closure [1] . Depending on the size and type of AAA, and the location of the ACF, a tubular or bifurcated graft replacement can be performed to repair the aorta. In this case, successful repair was possible by clamping of the IVC and both iliac veins, followed by direct closure of the 4-to 5-cm-long fistula with concomitant bifurcated replacement of the aorta.
Reports have described using autotransfusion for massive bleeding [1, 3, 6] . Our operation was performed with red blood cell transfusion (5 pints) without autotransfusion.
When performing surgery for this condition, aortic cross-clamping should be performed gradually. Sudden clamping can instantaneously reduce the preload, causing arrhythmia or cardiac arrest [1] . In addition, the aorta should be carefully manipulated because migration of a thrombus or organized material through the fistula may cause pulmonary thromboembolism [1] [2] [3] According to several reports, the surgical mortality rate varies from 16% to 66% [3, 6] , depending on age, underlying diseases, acute blood loss, coagulopathy, and the degree of organ failure. An accurate preoperative diagnosis is an important factor affecting the surgical mortality rate. It is known that surgical mortality decreases when an accurate preoperative diagnosis is made [2, 3] . Recently, reports have described the use of endovascular techniques, which have the advantages of being less invasive and involving less bleeding. However, complications such as type II endoleaks have been reported [7, 8] .
AAA with ACF is an uncommon condition that can be fatal. Making an accurate preoperative diagnosis significantly influences the likelihood of successful treatment. Treatment modalities include surgical repair and endovascular techniques. When hemodynamic instability is observed, an emergency operation should be performed. We report this case of a successful operation for AAA with ACF.
